In planting rice, a significant amount of irrigation water is required to prepare the farmlands and do transplanting and this is directly related to the number of machines and workers available; that is, the more the length of plowing and transplanting process due to the lack of required machinery and labor, the more the water volume consumed. Therefore, in such conditions, it is important to have an appropriate planning for the optimized allocation of machinery and labor for the agricultural lands.
INTRODUCTION
One of the challenges of the 21st century is to overcome the water shortage crisis. In addition to destroying water-based ecosystems, the crisis influences the food safety in the world (Kijne et al. ) because, along with the growth of population and industries, the request for fresh water has risen rapidly (Pimentel et al. ) .
Agriculture, among all other industries, has allocated to itself a large percentage of the world's sweet water (75-80%), vying with other industries in need of water (Costa et al. ) . In fact, water is the main input in agriculture, having a noticeable role in the ongoing development of agricultural activities (Keramatzadeh et al. ) . Among the various products available in this section, rice is regarded as one of the main and high consumption products which accounts for a noticeable amount of irrigation water (Barker et al. ) . A total of 15% of agricultural lands under cultivation belongs to this product in the world (Ribbes ) . It also has the maximum number of regions operated by water among the agricultural crops (Rao & Rees ) . Apparently, more than half of 80% of sweet water sources in Asia used for agricultural purposes is applied for irrigation of 50% of water farms to grow rice (Moya et al. ) . Rice has an important role in supplying food for people in the world (Katic et al. ) so that after wheat (Kijne et al. ) , this product owns the highest area of lands under cultivation (more than one-third). In the majority of Asia, rice supplies more than 80% of total calories and 75% protein consumed by people.
In Iran, rice is also considered as one of the main and strategic products. In recent years, the consumption has increased among people and now rice is the most favorite food among the civic and rural families' diet in the country. The area of land under rice cultivation in Iran is estimated to be 700,000 hectares, which is about 0.4% of all lands under rice cultivation in the world. Rice production plays an important role in the economy of Iranian Northern provinces. Mazandaran and Guilan provinces, with more than 75% of the farms under rice cultivation and production of more than 80% of Iran's rice, along with Golestan, Khouzestan and Fars provinces are the most important rice supply bases in Iran (Najafi et al. ) .
In comparison with global average of water resources, Iran had special conditions. The average rainfall in Iran is about one-third of the global average and its evaporation amount is three times more than the global average (Hassanli et al. ). There exists several reasons which decrease the amount of water needed for rice farms in Iran. These reasons are as follow: Iran's dry and semi-dry climate which itself leads to water being the most important resource that mainly limits agricultural activities (Moriana et 
PROBLEM DESCRIPTION Problem statement
The rice cultivation process is divided into five phases. The • All applied machinery and labor capacity demonstrate the same ability in every stage of cultivation.
• During the planning period, the number of applied machinery and labor is assumed constant.
• The area of plots in each region is 2,000 m 2 ( Figure 1 ).
• The interval to move machines between different regions is assumed as 1 hour.
• Each day is divided into two 4-hour periods of time for plowing and transplanting. The beginning time of the first period is at 8 a.m. and the second at 2 p.m.
• All workers work nonstop in each 4-hour time interval.
• The start of transplanting operation will be after the plowing of all the land in each area is done.
• The type of seed for cultivation is considered the same for each region.
• The time of opening and closing the valves is at 6 a.m., which is determined based on the water level in each plot to the minimum height specified (in mm).
• Owing to the time required to irrigate each plot, which is a maximum of 2 hours, no stop is specified during plowing and transplanting at each irrigation operation.
• The number of people in each group is five.
• The minimum and maximum amount of water required in the two processes of plowing and transplanting is considered to be equal.
Symbols of the first model R ¼ the total number of regions considered;
Tr ¼ the total number of available tractors in the regions;
p ¼ index for the number of tractors available in all regions
L ¼ the total amount of labor in the regions; j ¼ index for the amount of labor available in all regions
Tm ¼ the total number of transplanting machines available in the regions; 
First mathematical model
This model is aimed at minimizing duration of the rice cultivation period through optimized allocation of labor and machinery. The formulation of the model is as follows:
St: 
As mentioned, the main function to consider in the first model is how to minimize the total time of plowing and transplanting of the available paddy fields. As there is a 1-hour interval to move the machines (tractor and transplanting machine) from one region to another one, 
Second mathematical model
After determining the optimum length of plowing and transplanting through the first model, the optimal timing of valve opening during this interval is determined through the second model (Figure 4 ). This model is formulated as follows:
The objective function (45) 17
RESULTS AND DISCUSSION
To evaluate the abilities of the presented model, the information related to five groups from BP14 canal in (Table 2) .
To solve the presented models, two software programs have been used: Cplex and Lingo. These both have high ability in solving linear and non-linear models. The provided codes have been run in a five core computer with central process unit of 2.30 gigahertz.
After solving the first model the highest number of days of plowing and transplanting for the first group is 18, the second group is 27, the third group is 28, the fourth group is 26 and the fifth group is 25 (Table 3) . As the irrigation for each group is done successively during 35 days, it implies that a decrease in the number of days means a decrease in the volume of water.
By performing the second model, the need for successive irrigation during plowing and transplanting is eliminated and the optimal timing of opening and closing of valves is specified in Table 4 .
The maximum time interval for valves to be open is 12
for the first group, 12 for the second group, 14 for the third group, 18 for the fourth group and 18 for the fifth group (Table 5) . 
CONCLUSION AND SUGGESTIONS
In this article, two mathematical models were proposed with the aim of reducing the duration of plowing and transplanting as well as determining the optimal time for opening and closing the outlet valve, using linear and nonlinear programming. The method was such that after planning the labor and machinery and specifying the optimal time for these two operations, the obtained period along with the other parameters were considered as the input of the second model. The outcome of the presented models, in comparison with the real situation, showed substantial reduction in the amount of the consumed water. As suggested models consider the input parameters in a complete certainty, applying fuzzy logic for increasing the accuracy of the results and also using meta-heuristic methods to plan the whole irrigation network (due to the inability of the offered model for the large-scale problems)
are suggested for future investigation. Also, for future research projects in this field, formulating a model to determine the right amount of evaporation and transpiration using fuzzy regression and presenting an integrated model from the applied models to decrease the calculation time is proposed. 
